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Ab initio calculations
The structural ab initio calculations were conducted with the linear-scaling DFT code
ONETEP,S1 using a norm-conserving Ge pseudopotential which retains four valence elec-
trons and a local density approximation for the exchange-correlation functional. ONETEP
employs a set of local orbitals, termed non-orthogonal generalised Wannier functions (NG-
WFs), which are expanded in a fixed underlying Fourier-Lagrange basisS2 equivalent to a
plane-wave basis and independently optimised in situ. Nine and one NGWFs are used re-
spectively for each Ge and H atom with a universal NGWF localisation radius R = 4.23
Å. The aforementioned pseudopotential, exchange-correlation functional and a plane-wave
cutoff of Ecut = 800 eV were used for all CASTEP and ONETEP calculations. It has been
shown that the two codes give equivalent results under these conditions.S3
The electronic enthalpy methodS4 for simulating finite systems under pressure was used
with electronic volume parameters calibratedS5 as α = 0.0034 Å−3 and σ = 0.00056 Å−3.
The nanocrystals were quasistatically relaxed at different pressures using the quasi-Newton
Broyden-Fletcher-Goldfarb-Shanno algorithm for geometry optimisation with tolerances:
atomic displacement of 5.3 × 10−3 Å, energy gain per atom of 5.44 × 10−4 eV and maxi-
mum force of 5.14× 10−2 eV/Å.
The coordination numbers were calculated by considering two Ge atoms to be bonded
when separated by a distance smaller than the first minimum of the radial distribution
function of the bulk: 2.94 Å.
The VDOS calculations were performed with the density-functional perturbation theory
module in CASTEPS6 on the relaxed structures at various pressures obtained with ONETEP.
The calculations were performed at the Γ-point in a cubic periodic simulation cell of side 20
Å (producing 1 nm vacuum in all directions). Fixed occupancies and the acoustic sum rule
correction were applied. For bulk Ge in the equilibrium c-Ge structure, the optical phonon
frequency was calculated using a mesh of 8× 8× 8 k-points to be 295 cm−1 (experimentalS7
value of 300.6 ± 0.5 cm−1 at ambient conditions). The peak corresponding to the TO-like
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zone center mode of the VDOS, associated with tetrahedral stretching of Ge–Ge bonds, was
monitored with pressure and compared to the experimental Raman peak.
Raman and PL measurements
Raman experiments were carried out using a Jobin-Yvon triple monochromator T64000 in
subtractive mode, in a configuration including a 1800 grooves/mm grating, a 100 µm slit and
a Jobin-Yvon Symphony liquid nitrogen-cooled CCD detector. The total system resolution
was < 1 cm−1). An Ar–Kr laser (Coherent Innova) was used at 514.5 and 647.1 nm for
Raman, the power was kept low using neutral density filters to avoid heating. The high
pressure measurements were performed in a co-focal microscope configuration, with a 20×
objective and a membrane driven DAC (culet size 500µm) employing an Inconel 250 µm thick
gasket indented to 75 µm with the hole size 150 µm. The pressure transmitting media were
methanol-ethanol mixture or hexane. It was found that the pressure transmitting medium
did not affect Raman behaviour. The Raman peak position and peak width were extracted
by fitting asymmetric Gaussians to the data. Pressure was determined using the standard
ruby fluorescence method. PL experiments were carried out using a Renishaw inVia Raman
microscope equipped with 473 nm laser.
X-ray Absorption
High pressure x-ray absorption experiments at the Ge K–edge were carried out at beamline
I18 at the Diamond Light Source using a DAC in a set up identical to the one used for
Raman data collection. The data were collected in the fluorescence mode to avoid problems
with diamond reflections contaminating the x-ray absorption signal. The energy resolution
was set to 0.88 eV. Pressure was determined using the standard ruby fluorescence method.
Data reduction was carried out using ATHENAS8 package and structural parameters were
extracted using the FEFF9S9 code. Standard deviations for the various structural parameters
were calculated from the covariance matrix taking into account the statistical noise of the
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EXAFS data and the correlations between fitting parameters as described elsewhere.S10
Figure S1: TEM.
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Figure S2: X-ray diffraction data collected at ambient conditions. Gaps in the spectrum
are due to gaps between the detector elements. The value of the x-ray beam energy used to
record the data was set to 8047 eV.
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Figure S3: Background-subtracted photoluminescence emission data. Laser excitation wave-
length is 488 nm.
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Figure S4: X-ray absorption data collected in x-ray fluorescence mode. Numbers correspond
to pressure values in GPa, except for the spectra recorded at ambient pressure.
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Figure S5: EXAFS data (presented as χ(k)k2, where k is momentum) extracted from the
absorption spectra in Figure S2.
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Figure S6: Magnitudes of the Fourier Transform obtained from the data in Figure S3. Major
peak in each spectrum correspond to the Ge-Ge distance.
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Table S1: Structural parameters obtained by fitting the data shown in Figure S3.
Pressure, GPa N R, Å σ2, Å2
0 3.4±0.16 2.441 ± 0.005 0.0061± 0.0004
0.9 3.32±0.24 2.43 ± 0.01 0.0060± 0.0005
1.8 3.36±0.28 2.43 ± 0.01 0.0062± 0.0007
3.3 3.44±0.24 2.43 ± 0.01 0.0070± 0.0006
8 3.32±0.28 2.39 ± 0.01 0.0070± 0.0007
14 3.56±0.24 2.36 ± 0.01 0.0072± 0.0006
17 3.4±0.12 2.36 ± 0.01 0.0071± 0.0003
20.2 3.96±0.32 2.34 ± 0.01 0.0060± 0.0005
24.3 4.32±0.52 2.32 ± 0.01 0.0051± 0.0008
0 (recovered) 3.42±0.28 2.45 ± 0.01 0.0071± 0.0007
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Figure S7: Examples of the Magnitudes of the Fourier Transform together with the corre-
sponding theoretical fits.
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